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(54) Driving wavoform generating device and method for ink-jet recording head 

(57) A driving waveform generating davico and 
method comprises the stops of retaining data on abso- 
lute coordinate values in a waveform data storage unit 
1 as date at a plurality ol poinis in a plurality of driving 
wavelorma u - 1 at a predetermined tomporsturo, read- 
ing the data on the plurality of point in a desired driving 
wavoiorm o from a wavoform data read unit 3A on the 
basis of grHd«tion data, correcting the difloronco bo- 
Iwoon the environmental tcmporatuio during the print- 
ing Oporation and Iho aforesaid prcdolcrminod lompor- 
Oluro <n a lemporaluro compensation un it 3B. converting 
data on the conectod absolmo coordinate valuo to data 
on tho rolativo coordinate value in h wavoform data con 
version unil 3C, interpolating the point-io-point value by 
moans of a waveform data interpolation unit 5. subject- 
ing tho Interpolated tho data on tho driving waveform to 
analog conversion by moans of a O/A convoreion unit 
7. amplifying the analog signal in a signal ampliliei unit 
0, and outputting tho amplifiod signal. 
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Description 

BACKGROUND Or THE INVENTION 

Field ol (ho invention 

Tho proeont invention r otutos to a driving waveform 
genorutino dovico and a driving wavoform goncrating 
mothod lor an ink-jot recording head capable ot forming 
dots different in gradation valuo by driving Iho rocording 
head according to gradation data, and mora particularly 
to a driving waveform generating device and a dnving 
waveform gonoraing method for an ink-jol recording 
hood capable of generating driving waveforms in a pro- 
grammable fashion by only changing coordinate data to 
bo prostorod. 

floialod art 



A typical ink-jot prinlar has a rocording head wild 
many nozzles In tho subscanning; direction (vertical di- 
rection) and whilo papor is fed as designated, tho re- 
cording head is inovHd by a carriago mechanism m tho 
main seaming direction (horizontal direction) in order to 
obtain daoliod print rcsulto. An ink drop is discharged 
trom each nozzlo ol Iho recording hoad ot predeter- 
mined timing according to dot pattern data resulting from 
dOVOloptng tho print dala loo Irom a host computer, and 
iho data m put into print wnon tho ink drops land on and 
slick to a print recording medium such as printing paper 
Slnco iho ink jet printer is designed to diochargo Ink 
drops or stop todischargo thorn, that is, doeigned locon- 
Irol Ihoon-otf of dots, it is incapable ol directly producing 
a print output In halftone; namoly, gray color and tho llko. 
In consequence, ihnro have horofotoro boon adopted a 
method of realizing halftone by wxpiessing one pixel 
wiih a plurality ol dole such aa 4 x 4. 8 x a and rso forth, 
and a technique ol increasing tho gradient by causing 
ono nozzlo to discharge ink drops different in weight dot 
by dot so as to vo rinbly com rol the dot dinmetor on prim- 
ing paper. In order to causo ono and tho same nozzle 
to discharge a plurality of ink drops different in weighl, 
it is needed to vary the driving waveform of tho hood 
accordingly. 

In a conventional driving waveform generating 
method for an tnk-jcl recording hosd, a circuit constitut- 
ed ol a hybrid IC, lor example, has boon employed so 
that a desired driving wavoform in generated by putting 
an eloclric charge in and out of a pressure gone-rating 
clement (piezoelectric vibrator) forming the output side 
ot a hoad driving circuit in tho puloo width modulation 
(PWM) system (charge pump system). 

Figs. 13(a), (b) are conceptual drawings o( a con- 
ventional head driving circuit and tho driving wavoform 
formed thoroby. 

As shown in Fig. 13(a). tho conventional head driv- 
ing circuit is such thai a piezoelectric vibrator C lor dis- 
charging ink drops by displacing rtsell on receiving volt- 
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ago forms a capacitor on the output sido and is also con- 
nected to rooiators Ri R5 different in resistance value. 
Tho connections of tho piozooloctric vibrator C to tho 
resistors R1 • R8 are switched by transistors, lospoc- 
* tivoly. The ON/OFF or thoso tranGi&tors aro controlled 
by pulses in the aforesaid pwm system. 

With rospocl 10 tho diiving wavofoim thus generat- 
or the voltago Is. as shown in Fig 13(b), dotormined 
by tho ON lime (pulse width in Iho PWM system) of oach 
to transistor, and its Inclination is determined by Iho CR 
constant ot tho connection ol each of tho rosistors Ri - 
Rti to the aforesaid piezoelectric vibrator C. 

In Iho aforesaid driving waveform generating rnelh- 
od using the PWM 3yat«m, however, iha use of a corn- 
's plicated liming puis© is roquirod to obtain tho desired 
wavoform. 

As obvious from Fig. 1 3(a), moreover, thrwn hns ex- 
isted a groat doal ol troublo tor regulating timing wiin 
rospect to va rations in eompononl olomonis such as tho 
J» resistors R1 - R6. In order to obtain more gradation ex- 
pressions now, it has been attempted to multivalue dots. 
Howovor, the driving wavoform lands to become moro 
complicated it such multivalued dots are omployod arid 
this makes it difficult to doal with such a driving wave- 
rs form in tho conventional driving wavoform generating 
system. 

SUMMARY OF THE INVENTION 

no An objoct of tho present invention made in viow of 
various problems posed as stated abovo is to provldo a 
driving waveform generating dovico and meihod for an 
ink-jol rocording hoad so thai a desired piogiammablc 
driving wavoform la oblamublo through a simple opora- 

n (ion. 

Another object of the prosont Invention is to provide 
a driving wavoform generating device and method for 
obtaining many complicated driving waveforms to make 
it possible to acquire more gradation expressions. 

io In order to accomplish iha objects Hbove, a driving 
waveform generating device for an ink-jot recording 
hoad according to tho present invention for uso In re- 
taining a group of wavoform dala for generating driving 
waveforms beforehand, selecting and reading at least 
ono wavoform dala to be utilised out of the group of 
wavoloim data, subjecting iho road wavoform dala to a 
predetermined arithmetic process in order to create tho 
driving wavoform, cubjocting the signal with Iho driving 
wavoform to D/A conversion, amplifying and output! ing 

SO the converted signal. 

According to Iho present invention, n driving wave- 
form generating dovico lor an mk-|el recording head, tho 
driving waveform generating dovico generating al leasi 
ono procumod dnving wavoform in ordor to drive iho ro- 

55 cording head according lo gradation dala by utilizing the 
driving wavoform, tho driving waveform generating do- 
vico comprising: waveform dala storago moans having 
a group of coordinate data for generating iho driving 



2 

PAGE 17/45 1 RCVD AT 6/6/2005 6:40:36 PM (Eastern Daylight Time] 1 SVR:USPTO-EFXRF-3/20 * DNIS:2738300 « CSID:1 858 678 5099 * DURATION (mm-ss):17-42 



0G/ , 06/'2006 15:47 FAX 1 858 678 5099 



FISH AND RICHARDSON 



1018/045 



3 EPOt 

wavefonn; wavclorm data road means lor selecting at 
least one utilizing waveform dais from the waveforms 
and reading Iho group ol coordinate data (or Iho driving 
waveform; waveloim data interpolation means for cre- 
ating iho driving waveform by interpolating point-to- 
point values into Ihn group of coordinate data rend by 
Iho wavoform data road means; digital/analog conver- 
sion moans lor subjecting data on Iho driving wavoform 
croated by the waveform data interpolation means lo 
digilalVfmabg conversion in urdar lo output an analog 
signal; and signal ampiiiication moans lor amplifying tho 
analog Signal which has been oulpirt tram the digital/ 
analog cwivoreion moans. 

The group ol coordinate data for generating driving 
waveforms are rotainod boforohand, anct iho group ol 
coordinate data on tho driving wavolorm to be utilised 
according to the grrjdfliion data are road out and em- 
ployed. Therefore, tho programmable driving waveform 
can bo generated only by changing the gioup of coordi- 
nate data retained beforehand. Since tho point -to-point 
values are interpolated in tho group of coordinalo data, 
tho creation of tha driving wavoform can be made pos- 
sible. The interpolated coordinate data is subjected to 
tha D/A conversion. Tho signal subjected to tho D/A con- 
version i& arnpliliod up to tho lovol at which it Ic capable 
ol drrving tho head, and lha desired programmable driv- 
ing wavolorm is abtainablo through tho simple opera- 
tion, whereby tho predetermined driving wavoform in tho 
form ol a complete shape can be generated 

According lo tho present invention, a plurality of 
groups of coordinate data ara prepared; any one of tho 
groups of coordinate data are road; and a propor dr iving 
wavolorrn cotiesponding to tho gradation data is croat- 
ed so ao to drive tho recording head by utilizing Iho driv- 
ing waveform. 

According to tho present invention, orw driving 
wavoform is croated by reading out the group of Coordi- 
nate data; «nd parts ol tho driving wavolorm are selec- 
tively utilizod so as diivo Iho recording head avoiding 
to tho gradation flam. 

According lo tho present invention, tho driving 
wavolorm corresponding lo Iho gradation data is croat- 
ed properly by soloclivoly reading parts ol the group Of 
coordinalo data so a3 lo drive the recording hoad by uti- 
lizing tho driving waveform 

According to iho present invention, in tho case of a 
gradation lor forming dots by utili7ing Iho driving wavo- 
form, a Uapozoidal wave is containod in a driving wavo- 
form to bo created. 

According lo the prosont invention, in the caso of a 
gradaiion withoui forming dois by utilizing the driving 
waveform, a driving wavolorm to be generated is linear. 

According to tho prosont invenntion, tho driving 
wavolorm gcnoratlngdcvlco furlhor comprises compen- 
sation mnans for correcting tho coordinate nata in con- 
sideration of ink condition during a printing operation. 

Thcroloio, tho desired driving waveform can bo 
generated correctly because Iho coordinate data is cor- 
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roctod in consideration of tho ink condition during the 
priming operation oven when ihoro occurs tho diffor- 

of prostoroU cooidinale data for generating the driving 
s waveform and the actual printing operation. 

According to Iho present invention, tho ink condition 
is takon into consideration during lito printing operation 
based on at least environmental temperatures. 

Therefore, even though the environmental tomper- 

io aluro during tho printing opoiaiion differs Item the tem- 
perature ot the time the driving wavoform is prosumod. 
the desired driving wavolorm tit for use as the environ- 
mental tornporaluro can bo gonoralud. 

According to the prasem invention, the Ink condition 

»s is taken into consideration during the printing oporalion 
basod on at least environmental humidity. 

Thus, even ihough tho environmental temperature 
during the printing operation differs Irom (he tempera- 
ture at the tlmo tho driving wavoform is presumed, tho 

so dosirod driving waveform til lor use as the environmen- 
tal lemporaturo can bo generated 

According to tho prosont invention, the signal am- 
plilicalion means comprises an nmpilfior circuit includ- 
ing a pair of transistors whoso mutual emitters are con- 

& noclod together, and lixod resistors for always applying 
a predetermined voltage between tho base omirtor to 
make tha pair of transistors operate in an active aiea, 
and a negative rosiEtor olomonl having tho samo rociet- 
anco value as that ol Iho fixed ro3istor is connected m 

so p« rallei to by-pass tho fixed resistor at a rof or onco tom- 
poraturo bolero the pair of transistors soil-generate heal 
so as lo docrease the voltage between tho baso omntor 
when the voltage bolwoon tho baso omiltui rises be- 
cause of tho oolf-goncrution of hont on tho part Of the 

35 pair ol transistors. 

While the waveform is amplified in an extremely 
short lime by operating the transistor In tho active flroa, 
the nogalivo resistance element is used lor loworing tho 
resistance value evon though tho self -generation of the 

io transistor occurs to reduce Iho voltage between the 
base omiltor. whereby the thermal runaway of the tran- 
sistor is prevented. 

A thermistor may be employod as tho aforesaid 
negative resistance element. 

■« According lo Iho prooont invonlion. while a group of 
data on partial wnvolorrri3 for generating driving wave- 
forms are rotained, a plurality of partial utilizing driving 
waveforms aro soloctod from the group of data on Iho 
partial wavelorms in order to create a driving wavolorm 

50 by combining iho partial wavelorms. 

A programmable driving waveform may bo gener- 
ated by changing tho group ol data on tho partial wave- 
forms to be rotained beforehand or by selecting 3omo 
ol thorn or otherwise changing the way ol combining 

w them. 
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Tig. 1 a functional block diagram stowing the con- 
struction ol a driving waveform generating device 
tor an inK-jot recording hoad in a first modo for car 
rying out (ho invention; 

Fig. 2 is a diagram showing a group ol coordinate 
data to be rotalnod in a wavoform data ctorago unit 
1 in the driving wavelorm gonorating device shown 
in Fig. 1, 

Fig .3 Ig a diagram Showing a tcmporaturo correct- 
ing method by means of a temperature compenaa- 
uort unit 3B with respect to tho group ol coordinate 
data in lha driving waveform generating device 
shown in Fig. 1 ; 

Fig. 4 is a temperature correcting flowchart by 
moans ol tho temperature compensation unit 3B 
with rospoct to the group o( coordinate data in the 
driving waveform generating dovico shown in Fig. 1; 
Figs 5 (a) nrid <b) aro diagrams illustrating tho way 
of retaining data on coordinate values a! a plurality 
ol points in B driving waveform In tho driving wave- 
form generating doviea shown in Fig. V Ftg. 5(a) a 
diagram showing the absolute valua; and Fig. 5(b) 
showing its relative vaiuo: 
Fig3 6 (a) and (b) are diagrams showing a method 
of interpolating tho point-m-point by a waveform da- 
ta interpolation unit 5 with rospoct to tho group of 
coordinate data in tho driving waveform goneraling 
device shown in Fig. 1 : Fig. 6 (a) shows an intorpo- 
lailon section; and Fig. 6 (b) a diagram illustrating 
an algorithm of the scction-lo-section interpolating 
algorithm; 

Figs 7 (a) and (b) aro diagrams showing a method 
ol ouiputling a waveform by means ot the wavelorm 
data interpolation unit 5 in the driving wavoform 
generating device shown in Fig. 1: Fig. 7 (a) ahowa 
tho relation between a wavoiorm to be output and 
its section; and Fig. 7(b) a wavoform outpul flow- 
chart; 

Figs, 8 (a) to (c) are diagrams explanatory ol the 
oporation ol a D/A converter 7A in the driving wavo- 
iorm generating device shown in Fig. 1 : Fig. B (a) 
shows its clock signal; Fig. 8 (b) its digital data: and 
Fig. 8(c) its analog output; 

Fig. 9 is a diagram showing tho construction of a 
signal amplifior unit g in the driving wavoform gen- 
erating dovico shown in Fig. 1, 
Fig. 10 (a) and (b) are diagrams explanatory ol col- 
lector current changes due to the sell-heal genera- 
tion of a transistor in the ampliiier circuit ehown in 
Fig 9: Fig. 10 (a) refers to a caso whore no ther- 
mistor for preventing thermal runaway is providod; 
and Fig. TO (b) a caso where ouch a thermistor is 
provided; 

Fig. 11 is a diagram showing an e^ampto til for a 
ink-jot printer in the first modo for carrying out tho 



Fig. 1 2 is a diagram illustrating a fifth modo fof car- 
rying out tho invontlon; and 
Fig. 13 are diagrams illustrating a conventional 
hoad driving circuit: Fig. 13(a) a conceptual draw- 
ing: and Fig. 1 3(b) a mothod of gonorating its driving 
waveform. 

DETAILEO DESCRIPTION OF THE PREFERRED 
EMBOOlMfcNlS 

A dotallod description will subsequently bo givon of 
modes for carrying out the invention with reference to 
tha drawings. 

A driving waveform generating device in a hrst 
'5 mode (or carrying out tho invention is used for an ink-jot 
printer in which a plurality of driving waveforms for caus- 
ing ink drops different in weight to be discharged aro 
gonoraiod and pressure generating elements corre- 
sponding in arrangomont to a plurality ot no&slos or a 
no rooording head are actuated by means of tho respective 
driving waveiorms. whereby ihe ink drop corresponding 
in quantity to the driving wavoiorm is discharged from 
each no77le 

Tho driving wavoform generating device comprises, 
2« as shown In Fig. t , a wavoform data storago unit 1 for 
retaining data al a plurality ol points (bent points of trap- 
ezoidal waves indicated by Xs in Fig. t) respectively in 
a plurality of driving waveforms a - 1 ao digitol data on 
coordinate values by assuming tho plurality ot driving 
30 waveforms a • f including Ihe trapezoidal waves in con- 
sideration of ink condition at prodctormincd tempera- 
tures: a wavoiorm data road unit 3A lor selectively read- 
ing the daiH on the coordinate valuos at tho plurality uf 
points (10 bont points indicatod by Xo) in the desirod 
driving waveform (e.g., the driving wavoform e) out ot 
the plurality ol driving waveforms a - 1 Irom the wavoform 
dma storage unit 1 according to gradation data during 
Ihe printing operation; a temperature compensation unit 
3B for ouiputling tho corrected tomporaluro based on 
to me dirrerence botwoon tho presont temperature and the 
aforesaid predetermined tcmporaturo according to tho 
data on the coordinate values al Ihe plurality ol points 
(10 bent points indicated by Xs in the driving waveform 
o and the eamc will apply to tho following) read by tho 
-<S wavoiorm data read unit 3A; a wavoform data converter 
3C tor convening tho data on the coordinate values at 
tho plurality of points outpul Irom tho temperature com- 
pensation unit 3B Irom absolute coordinate valuos to rel- 
ative coordinate values; a waveform data interpolation 
so unit 5 for generating waveforms by interpolating point- 
to-point valuos with respect to the data on tho rolativo 
coordinate values at tho plurality of points oulpui from 
the waveform dala converter 3C; a D/A conversion unit 
7 for subjecting the dala on tho doeirod driving wavoform 
interpolated and generalod by tho waveform data inter- 
polation unit 6 to digital/analog conversion and output- 
ting tho convorted data in tho form of an analog signal; 
and a signal ampliiier unit 9 lor amplilymg Ihe analog 
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signal representing the dosirod driving waveform output 
from tho D/A conversion unit 7. 

The wavolorm dala storago unit 1 «. ne will be de- 
scribed later, in tho form of a ROM in a prini cqntroltei, 
and tho coordinato values in the coordinate syotom are 
retained in the predetermined storago areas ot tho ROM 
wiiti lirno on tho x-axis and voltage on tho y-axia at tho 
plurality of points (indicated by Xs in Fig. 1 ) in tho plu- 
rality ol driving waveforms a - j resulting from obtaining 
Iho voltage and tho liko in consideration of tho ink con- 
dition at Iho predetermined lemporaiuro beforehand. 
Tho wavolorm data read unit OA is in tho form of a CPU 
in ma prinl controller likewiso is usod lo selacuvofy road 
iho daw on tho coordinate values at the plurality of 
points (10 bent points indicated by Xs) in tho desired 
driving waveform (o.g.. tho driving waveform o) corre- 
sponding to iho gradation data from thn waveform data 
storage unit V Tho tomper«turo compensation unil 3B 
comprises iho CPU and a thermistor provided in tho re- 
cording head as wllf bo described later. Since ihe resist- 
ance of the thermistor docroasca as the temperature ris- 
os. for oxamplo, tho temperature compensation unit 3B 
converts the variation ol the resistance value between 
the predetermined lemporaturo and Ihe present temper- 
ature at tho timo of assuming the driving waveform into 
an oloctric signal and on receiving the electric signal, it 
conoct« ||»b data on the coordinate valuos at the pluiaMty 
Ol points (o.g., Iho 10 bont points indicatod by Xs in tho 
driving wnvnform o and the wme will apply to thn fol- 
lowing) read by (ho waveform data road unit 3A. The 
waveform data conversion unjt 3C is also in tho form of 
tho CPU and converts by calculating tho data on theco- 
ordinate values al tho plurality of points output from the 
lemporaturc compensation unit 30 from tho absolute 
coordinato values to the relative coordinato values. The 
wavuloirn data inleipolalbn unit 5 is in \hu Mm ol a g<ilo 
array and whon tho wavolorm data interpolation unit 5 
undergoes interruption, the point-to-point vatuos are in- 
terpolated by calculation, so that ihe driving waveform 
is generated Tho D/A conversion unit 7 comprises a D/ 
A converter 7A and a iow-pass filter (LPF) 7b. A 10-bit, 
50 MPS (with a corresponding convaieion spood ol up 
lo 50 MH7) O/A converter is employed tor tho D/A con- 
verter 7 A in this mode for carrying out the invention. In 
[his case, a clock signal having a Iroquoncy ol 10 MHc 
is output trom an oscillation circuit in the print controller, 
which will bo doscribod later, and tho clock signal is di- 
vided (halved) into 20 MHz signals in the gate array so 
as to be n$od in the D/A conversion unit 7 Moreover. 
16-bii data is fed from the CPU forming Ihe wavolorm 
data convortcr 3C and tho liko to the gato array used lo 
lorm tho wavolorm data interpolation unil 5, so lh«t 
10-bil data is fed to tho D/A converter 7A, though calcu- 
lation is alco mado with 16 bite in tho gate array. This is 
because addition is mado by increasing tho number of 
bits in tho gato (way to adopt high-order 10 bits as a 
rosult of addition, which ic supplied to Iho D/A convenor 
7A The signal amplifier unit 9 is m Ihe form of an am- 
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plifier circuit for amplifying the signal having tho driving 
waveform subjected by tho D/A conversion unit 7 to an- 
alog conversion up 1o a voltage lavol at which Ihe re- 
cording head (piezoelectric oscillator) is driven, and Out- 

* puts tho signal. Thus. Iho desired driving wavoform o' 
resutting from iho temperature compensation and ana- 
log convulsion is generated. 

Tho lunction ot driving waveform gonoroting dovico 
in this mode lor carrying out tho invention will subse- 

io quonlly doscribod by releierico lo Figs. 2 - 10 in addition 
to Fig. 1. 

In order to uso tho driving wavotorm generating do- 
vice in this mode for carrying out the invention, a printor 
designer Is, as previously noted, to writo tho absolute 
coordinate values in tho coordinato systom to tho pro- 
dotorminod stoiage areas in tho wavolorm data siorago 
unil 1 (ROM) with time t on the x-axis and voltage v on 
the y-axis at tho plurality ot bont points (indicated by Xs 
in Fig. 1 ) in Iho plurality of driving waveforms a - 1 result- 

no tng from obtaining the voitago and the liko in consider- 
ation of tho ink condition at the predetermined temper- 
autre bslorohand for retaining purposes. In this rnodo 
for carrying out the invention, the predetermined tern- 
peraturo is sol at 2&*C considered lo be normally tho 

is room tomporaturc in viow of the normal working onvi- 
ronmental tomperatureot the printer ranging from 10"C 
to 40"C. 

In the case of tho driving waveform o. for oxamplo. 
the absolute coordinate values (XO, Y0)~- (X9, Y9) with 

30 lime t on tho x-axis and voitago y on the y-axis at the 10 
bom points cO • o9 of basic waveform data at 25*C aro 
relumed as shown In Fig. 2. Tho r-amc work is repeated 
six times If thoie are six kinds of driving waveforms of 
tho recording hoad of the ink-jot prinlor. 

3* In this mode for carrying out the mvontion, since H 
is only needed to retain oath ol the bent points, lor ex- 
ample. cO • o!7 en basic wavoform data al ?5°C in tho 
lorm ol absolute coordinate data, tho work of inputting 
data by tho printer dosignor is lacilitalod and this is pro- 

40 forrod in view of a user interface. 

Whon the printing operation is performed by the ink- 
jet printer using the driving waveform generating device 
in this mode lor carrying out tho invention, data at tho 
plurality of points oO • o9 in the desired driving waveform 
out ol the plurality ol driving waveforms, lor oxamplo, in 
Ihe driving wavoform a Is eeioctivoly read from iho afore- 
said storago areas in tho waveform data siorago unit 1 
by tho wavoform duly road unit 3A on tho basis ol gra- 
dation data a3 shown in Fig 1 

SO Subsoquontly, the road data at the pluralily ot points 
aro. as Ghown In Fig. 1, corrected by Ihe lemporaturo 
compensation unit 3B at predetermined intervals based 
on the difference between Iho printing environment tom- 
poraturo and tho aforesaid 25'C. 

Ink is sollened at high temperatures and hardened 
al tow temperatures. Tho environmental temperature 
during the time tho coordinato valuo on tho driving wave- 
form ia retained in Iho wavoform dala 3torago unrt 1 be- 
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forehand rrtay be different fiom thai during tho printing 
operation. Even during iho printing oporation, moreover, 
tho temperature in tho printer risc3 bacausn of the heat 
which vaiious elernonts geneiale. Therefore tho volt- 
age which hrjs the basic driving waveform at 25"C and 
is applied to the hoad noods to bu corrected in harmony 
with Iho tomporaluro duiing tho operation ol tho prinlor 
Even in (ho conventional hoad driving circuit, torn 
poiature compensation has boon carried out to mo driv- 
ing waveform applied lo Iho hoad by varying Iho ON limo 
Ot tho aforesaid transistor b«9od on tho signal from tho 
thermistor in accordance with tho Known lomporaturo 
correcting equation whonovor the printing of ono pago 
is torminatcd. In this mode for carrying out tho invention, 
the data on tho coordinate values at the plurality of 
points of Ihe driving waveform read by the wavoform da- 
la read unit 3A are corrected. 

in tho caso of the driving waveform e, lor oxample. 
driving and intermediate vollagos VH. VC aro, ao shown 
in Fig. corrected to tower voltages when the environ- 
mental temperature is highor than 25'C and to higher 
voltages when n Is lowor than SS'C In accordanco with 
tho known temperature correcting equation. In lino with 
tho compensation, tho data on tho coordinate) values at 
the plurality of points cO - o9 aro corroded. Evon In this 
modo for carrying out Iho invention, Iho tomporoturo 
compensation is to be carried out whenever tho printing 
of one pago is tormwalod: more specifically, whon tho 
variation ol Ihe resistance oi the thermistor provided in 
iho recording hoad is convened inio an electric signal 
and input to tho CPU forming the lomporaturo compen- 
sation unit 30, Ihe CPU corroctstha absolute coordinate 
values at tho plurality of points oO • o9 in Ihe driving 
wavoform o. for oxample. in accordance with Iho known 
temperature correcting Aquation (function) retained in 
iho ROM beforehand, and tho driving wavelonns based 
on the data of the coordinate values at tho plurality of 
points eO - ©9 aro generated during tho priming ol one 
pago horeirwftot. 

Fig. 4 is a flowchart showing such a temperature 
compensation. 

First, as shown in Fig. 4, the thermistor as a lom- 
peiHturc detection unit detects the present tomporaluro 

(5401) so as lo calculato a ditforeneo from the present 
tomporaluro on Iho basis ol Iho basic waveform at ?S°C 

(5402) . Subsequently, a wavoform lit lor iho present 
temporal u re on Iho basi3 of tho dilloroncc (S403) is gon- 
eialod and tho waveform thus generated is output 
(S404) Those stops are repealed ovory time tho print- 
ing oJ ono page is carrlod out (S40G, S406). 

The conversion to tho relative coordinate values on 
tho darn at tho plurality ot waveforms and the interpola- 
tion of point-to-point values aro carried out on the basis 
ol tho corrected data on tho coordinate valuos at tho plu- 
rality of points afler Ihe lomporaturo compensation. 

The data on tho absolute coordinate values at the 
plurslity of boot points subjected to tho lomporaturo 
compensation are converted by trie wavoform data con- 
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version unit 3C to tha data on the relative coordinate 
valuos. In this case, by tho absolute- coordinate value is 
moant thai in the coordinate systom with ttme I on the 
x-axis and voltage v on the y-axis, it is the coordinate 
* valuo expressed by two valuos on tho rospoctivo x- and 
y-axis corresponding to each hunt point. By the relotivo 
coordinate valuo is moant that, on Ihe olher hand, il is 
tho coordinate valuo oxproosod by a valuo dofining the 
extent that each bont point is movod from a bent point 

to diiectly-boloro Iho lormor point. 

A description will subsequently bo glvon of tho rea- 
son tor the conversion ot iho data at the plurality of 
points Oom tho absolute coordinate values lo Iho rota- 
tive cooidinate values Figs. 5(a). (b) show six bent 

>s points (o.g., oO - oS in the aloresaid driving wavolorm 
«) in Iho driving wavoform including a trapezoidal wavo 
with tho absolute noordlnnto valuos and tho rotative- co- 
ordinate valuos. In Fig. S(b), tho squares shown by dot- 
tod lines aro, as shown thoroin, tho vertical 6quaros in- 

A"o diCHte „V, whereas Iho horizontal squares indicate a 
conversion (sampling) period by moans of the latter 0/ 
A convortor 7A. Tho driving waveform oulpul by moanc 
of the D/A convert er 7A mnges from 0 up to 2 V and since 
iho 1 0-bit digital data is subjected lo analog conversion, 

IS its output voltage swings from OV (QO0COO0O00) up to 
2v ( 111 1 1 111 1 1 ) As the interval botwoon O - 2v is divided 
into 1 .025 ways. _V is about 2m V, tlwt is, vollage by ' 
2mV por stop is taiscct. 

With respect to tho flbsoliiin coordinates, the initial 

-w inclination of Ihe leading odgo of tho driving wavelorm 
o. tor oxampto. ts. as shown In Fig. 5(a). obtalnod from 

. VnYn+i Yn/Xnn -Xn 

With respect to Ihe rotalivo coordinates, on the olh- 
or hand, the initial leading odgo of the driving waveform 
o, lor example, becomes as shown in Fig. 5(b) 
N2 - 2, and il is apparent that Ihe addition of _V twice 
■"> results in reaching the nexl bent point (N3, _V) 

When Iho data on tho absolute coordinates at the 
plurality of bonl points aio Ihus converted by Ihe wave- 
form dutia convor3ion unit 3c to Ihe data on the rolativo 
coordinates, the following Imorpofating calculations can 
bo mado only by additions. In olhot words, though the 
wavoform daia interpolation unit S is constmiiod by tho 
gato array, tho additions are carried out succossivoly on 
a block basis in tho gato airuy and since the calculation 
(division) of _V is included in Iho esse of tho data on The 
50 absolute coordinates, tho calculation speed may be- 
came unsatisfacloiy. howovor. because the dala _V in 
the data on Iho relative coordinates has boon obtumod 
by the CPU, tho calculation speed becomes satisfacto- 
ry. In other words, Iho CPU makes preparation calcula- 
te tion of driving waveforms which will vary next before a 
signal for seeking tho next driving waveform is appiiod 
to trio gato array. 

For oxample. the quantity of movement from a point 
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e5 lo a point ©6 in tho driving wavoform o shown in Fig. 
6(a) Is calculated as follows: 

rjivon the numbor ol calculations in a section of n' n+1- 
tho number of calculations = Tn+1 -Tn / S (sam- 
pling limo) givon tho numbor of stops por sampling time: 

„V - Vn*1 -Vn I tho numbor of calculations 



thaquanlity of movomoni from n to n+1 is thus calculat- 
ed as shown In Fig. 6(b). 

Tho numbor ot steps per sampling timo. that is, tho 
nunnboi of steps lo bo movod up ovary lima a clock sig- 
nal is introducod onco is obtained Irom Iho value of- _V. 
and tho quantity oi movement lromnton+1 iscaleutated 
thenoby. 

Subsequently, with respect to tho data on tho rela- 
tive coordinates at tho plurality ol points thus convertoo 
by tho waveform data convarsion unit 3c. tho poiht-to- 
polnl values are interpolated by tho waveform data in 
torpoiation unit 5, whereby driving, waveforms with the 
alorooaid environmental temperature taken Into consid- 
eration are created. 

The number of calculations and the value of Av aro 
sot in Iho gala array constituting Iho wavoform data in- 
terpolation unit 5 (tho numbor of calculations is sot in 
tho counter within tho gyle array) and tho gate array 
makes necessary interpolating calculations, so that driv- 
ing wavoforms wrth tho interpolated point-to-point val- 
ued are output. 

As shown In Fig, 7(a), a section I (from 01 to o2) 
and a section 2 (Irom e2 to a3) h the aforesaid driving 
wavotorm o, for example, hio considered. Given thai the 
voltage at Iho start point 01 in tho section 1 is vn and 
that the voltage at tho end point o2 therein is Vn t-1 . since 
tho value of Av has been Plained, voltage Vrn when the 
number of calculations is m, and voitago Vm*1 whon 
tho number of calculations is m-<-i aro obtainable from 
a flowchari of Fig. 7(b). More specifically, it is judged, as 
shown in Fig 7(b), whelhorornotC^, = C m t1 is small- 
er ih 3 n Iho numbor of calculations with reaped to tho 
wavoform outputs in Iho section 1 shown In Fig. 7(a) 
(St), With the inlemal counter, the number of cnlcula 
lions is counted like 1, 2. 3. 4 and whon a certain sol 
value is reached. Iho counter is iesoi andcauscd lo stait 
counting for tho next section 1 so an to add 1 to iho pre- 
ceding value oach time, lhat is. tho calculation is con- 
tinued until Iho numbor ol calculations is roachod. Whon 
vm - Vnw i ■•■ av is justitied (S2). this daw Is supplied 
to the D/A conversion unit 7 (S3). These calculations 
aro ropoatod from Iho sections 1, 2, 3... . section n, so 
that driving waveforms with the interpolated poinl-to- 
poirit values are output. 

Thon tho data on tho dosircd driving waveform in- 
terpolated and created by the waveform data interpola- 
tion unit 5 is subjected by the D/A conversion unit 7 lo 
analog conversion boforo being output as tho analog 
signal. 
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Since the data calculated by Iho waveform data in- 
terpolation unit 5 lormod with tho gate array via tho ROM 
and CPU is digital del», (hie data is converted lo the an- 
alog signal by tho D/A converter 7A and the low-pass 
5 filter (LPF) 7B in order to generate a complete driving 

Fig, 8 shows a timing chart explanatory ol tho op- 
eration of tho D/A converter 7A. 

As shown in Fig. 8(a), tho 10-bit digital data Output 

'0 from Iho wavolorm dala interpolation unil 5 under tho 
clock signal at a froquoncy of 20 MHz as shown in Fig. 
8(b) is converted by tho D/A converter 7A Into an analog 
output as shown in Fig. 8(c). With tho clock signal at a 
frequency ol 20 MHz as a roforoneo. tho space between 

>s tho loading edges ol tho dock signal amounts to 50 ns. 
As shown in Figs. 8(a). (b) and (c). the 10-bit digital data 
i3 convorled into tho analog output at the leading edgo 
ot the dock signal, and addition is mado lor tho next data 
within SO ns time bolweon tho loading edges ol tho clock 

so signal 

Tho output of the D/A converter 7A contains alop- 
wteo high-frequency components corresponding lo tho 
conversion period. Thorotoro, the ouiput ol the Of A con- 
venor 7A is passed through the low-pass liltor (LPF) 78 
ss so as to remove tho high-lroquoncy components. 

Further, tho analog signal representing the desired 
driving waveform output Itorn Ihe D/A conversion unit 7 
is ampiiiied by the signal amplllior unit 0 boforo being 

30 Since the 10-bil digital data is converted into U ih an- 
alog output in the D/A convortor 7 A, tho output voitago 
swings from 0V (0000000000) to 2 V (1 in 1 1 1 1 1 1 ). 

However, because a voltage of about <10V is re- 
quired to drive tho hoadipiezooiwirlc oscillator), tho an- 
as alog signal outpul from tho D/A conversion unit 7 is am- 
plified to such a voliage level. 

Fig. g shows an arrangement of an amplifier circuit 
foe use in tho signal amplitior unit 9. 

Tho amplilioi circuit comprises, as shown in Fig. 9, 
■>o an operational amplifier 3A at a first stage, a pair of tran- 
sistors Q1. Q2 at a second stage, a pair ol transistors 
03, Q« at a thiid stage, and a pair of transistors Q5, 06 
at a fourth alage. these transistors togothBr with capar.' 
itors and resistors boing connected as shown in Fig. 9, 
is respectively. Each pnir of transistors aro connected so 
as to form a mirror circuit. Tho output signal of tho D/A 
convenor 7A is input to the input terminal 21 of the am- 
plifier circuit and outpul Irom an ouipul teimtnal 22 as a 
driving signal for forming iho dnsirori driving waveform 
so o (sac Fig, 1 ) swinging Irom OA to 40V via the opera- 
tional amplifier 9A. the transistors Ql, 02. 03. Q4. and 
OS, Q6 so as to drive a head (piozooloctrie vibrator) 23. 

In tho amplifier circuit shown in Fig. 9. in order to 
amplify tho driving waveform so lhat it risos up to 0 - 40V 
*s vvrihin a short lime of 2 ps (microsoconds). tho transis- 
tors Q3, Q4, Q5. Q6 aro mado lo operate in an activo 
area (so colled A-claaa operation of tho amplifier) by 
causing current to flow through tho transistors at all 
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times. In oihor words, as shown in Fig. 9, a current of 
30 mA is causod to flow belwoon tho collector omittor 
ol the Irsnsistors 03, CM, and a resistor ol 16.2 11 is in- 
stallod between the base omittor of the transistors Q5. 
Q6. By applying a voltage of DO |mA| x 16.2 [Si] = 0.486 
- aboul 0.5 1 Vj according to V - IR (Ohm's law) bclwocn 
iho baso omittor of Iho li ansistois QS ; Q6 as Iho product 
Of tho current of 30 mA and tho resistance valuo of 16.2 
12. a current of several mA is made to flow between tho 
collector omiitor of iho liansislors Q5. Q6 at all times. 
Although amplification in as a short ilmo 05 2 jis (micro 
seconds) is made possible) thereby, the adoption ol the 
aforesaid circuit arrangement renders if nocoEsary to 
prevent the thermal runaway of tho transistors OS, Q6. 
More specilteally, as shown in Fig. 10(a), tho IC (collec- 
tor current) - V8E (voltage between base omitlor) char- 
acteristics ol a silicon semiconductor changes, as 
shown in Fig. 1 0(a), from the state indicated by a solid 
lino to what is indicated by a dotted line as tho tompor- 
aturo rises Howovor. since tho voliago between the 
baso omittor is always maintained at about 0.S (V| as 
previously noted, tho collector current of tho transistors 
Q5, Ci6 increases, wtwaby tho IC ■ VBE characteristics 
are shifted to tho loft-hand side of Fig. 10(a) as indicated 
by a chain Imo becauso ol collector loss (hoat gonorn- 
»on). Consequently, there is the foar that tho transistors 
OS, OS may be destroyed because the tepulition ol the 
hoat gonoration results In exceeding tho tomporaturo 
limit of tho npn or pnp junction 

In this mode for carrying out tho invention, there- 
fore a thormisior 26 having (he samo resistance valuo 
as that ot 16.2 12 is connected in parallel in order to by. 
pass Iho resistor 25 of 10,2 12 botwoon the colloctor col- 
loctor of tho transistors 03, 04 to reduce tho voltage 
belwoon the base amitier of tho transistors 05, OB when 
tho voltage botwoon tho base emitter thereof rises be- 
cause of thoir self-generation of hoat Tho thermistor 
has negative resistance that is. is characterized m that 
as its lompeialuro risos. its resistance vafuo docroasos. 
In consequence, even whan the currant valuo of 90 mA 
botwoon the collector omittor ot the aforesaid transistors 
Q3, CM remains unehangod. the voltage betwaon tho 
baso emitter of tho translators os, 06 as tho product of 
the current valuo of 90 mA and tho volume therebo- 
twoan is caused to decrease as the tomporaturo riser, 
by connecting tho thormisior 26 having tho same resigi- 
anco value as that oil 6.2 Si of the rosisior 25 for regu- 
lating Iho voltage between tho base emitter or tho tran- 
sistors QS. Q6 in parallel to each oihor in such a. way as 
to by-pass the latter. Sines tho VBE lowers as the tem- 
poraturo rises as shown in Fig. 10(b). tho IC (colloctor 
current) turns to decreaso. so thai tha thermal runaway 
is prevented. 

In tno circuit arrangement Ghown in Fig. 9 in this 
modo for carrying out the invention, tho driving wavo- 
lorm can be amplified in as a short time as 2 us (micro- 
second) by kooping tho current flowing through the tran- 
sistors Q3, Q4, QS. Q6 to operate these transistors (the 
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so-callod A-class operation of the amptlioi ) in the active 
area. In addition, oy connecting tho thormistor 26 having 
the sama resistance valuo as that of 16.2 12 of the re- 
sistor 25 between the colloctor collector of the transis- 
c tors Q3. Q4 in parnllol to each Oihor In such a way as to 
by-pass the lallar. tho thermal runaway can bo prevent- 
ed so as to deer oubo the voltage between the base omii- 
tor ol tho transistoro OS, Q6 as tho voitago boiwccn tho 
base emitter thereof risos boeausa of their sefl-genora- 
»o lion of hoat, Tho use ol u Ihermul runaway provonlivo 
circuit such as Iho thormisior is effect ivo in a caoo whoro 
hoat radiation is restricted or Ihc size of a hoat radiating 
plato is limited in dasign-rnHking whon Iho spaco is tak- 
on into consideration. 
>S Tho place whore tho thermistor is installod is not 
limited to what is shown In Fig. 9 but may be anywhoro 
the voltage between thn baso emitter of the transistors 
OS, QC turns to decreaso as tho temperature nses, and 
tho same elfeel is achiovablo by providing ono thormle- 
& tor botwoon tho base omiiior ol the transistor OS and 
also ono thermistor between tho base emitter of the tran- 
sistor Q6. However, additional cost for tho two thermis- 
tors is needed and If variations in their chHraclerislics 
oxist. tho amplification characteristics of tho whole eir- 
« cuil may be badly affeciod In ihis modo for carrying out 
tho invention, tho installation of only ono thormisior is 
assigned and advantageous in view of manufacturing 
coot. ThoroforO; Ihoro is no ground for anxiety arising 
from variations in tho characteristics of thermistors. 
no Fig. 11 stwws an example of applying iho diiving 
waveform generating device in this modo for carrying 
out the invention to an ink-jot printer 

As shown in Fig. 11, the ink-jot printoi comprises * 
prim controller 31 and a print ongino 32. 
3S The pnnt controller 31 comprisosan interface (hore- 
inaflor callod 'W) 34 for receiving piinl dalti and iho 
like rrom h hosl compulor 33; a BAM 35 tor storing var- 
ious data, a ROM 30 which stores routines tor use m 
processing various data and functions as Iho wavolorm 
io data storage unit 1 in this mode for carrying out tho ln- 
venf ion: a CPU 37 which plays key control rotes and also 
functions as Iho wavolorm data read unit 3A, Iho tem- 
perature compensation unil 3B and tho wavoform data 
conversion unit 3C: a gaio array 38 which performs 
*$ procoGSOS of maintaining switching tho valuo ol current 
for driving q carriage mochanlsm, which win bo de- 
scribed later, and also functions as iho waveform data 
interpolation unit 5; an oscillation circuit 39 for producing 
o clock signal (CK) of 10 MJ-I7, for example as a rotor- 
so onco for processing various data in a printer; an ampti- 
fiorcircuit 40 including the D/A converter 7A and tho low- 
pass lifter (LPF) 78 constituting iho D/A conversion unil 
7, and the signal amplif ior unit 9 in this mode for carrying 
out tho invontion; and an i/f a i for transmitting to iho 
ss print ongino 3? print data dovotopod in a do! pattern data 
(bit map data) and driving signals and the like output 
from tho amplifier circuil 40. 

The pnnt ongino 02 comprises m recording head 42, 
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a paper lood moehanism 43, anda carriago mochanism 
44. Tho recording head 42 has a numbor oJ nozzles. 
«nd an ink drop is discharged (rom each nozzlo at pre- 
determined liming. The print data developed in the dot 
partem data is transmitted from Iho WF 41 to a shift rog- 
istor 45 within lh« recording head 49 in synchronization 
wiih iho cloch signal (CK) liom the oscillation circuit 39. 
Tho print data (SI) serially transmitted is latchod in a 
iaieh circuit 46 onco. The printer data thus latched is 
raised by a level shiltor 47 as a voltage ampiillor up to 
40V as a prodoiormlnoo vollago value at which a switch 
circuit 48 is driven. The print data raised up to the pre- 
determined voltage value is given to tho switch ciicuil 
4B. A driving signal (COM) output from the amplifier cir- 
cuit 40 is appliod to tho input side ol tho switch circuit 
48. and tho piezoelectric vibrator 23 is connected to tho 
output side of the switch circuit 48. Further, the recording 
head 42 is provided with a thermistor 49. The thermistor 
49 functions, as notod previously, as tho tomporaluro 
compensation unit 3B together with thocpu 37. In other 
words, sinco the thermistor 49 has negativo rosistanco, 
tho resistance value decreases as the tempGraturo ris- 
es, lor example. Tho variation ol the resistance value is 
convortod into an elecliic signal (TS) and on receiving 
tho electric signal (TS). the CPU 37 corrects the data on 
tho coordinate values nt tho plurality ol poime in the driv- 
ing wavoloirn. Incidentally, though Hie temperature 
compensation like the temperature compensation In Iho 
conventional in k-|ol printer may ba marto every time the 
printing of one page or one lino is terminated, the tem- 
poraturo compensation is to be rnado ovory timo ttio 
printing ol one page is terminated in this mode lor car- 
rying out tho invention. In Ihiocaso, tho shill register 45. 
tho laich circuit 46. tho lovol shiltor 47, tho switch circuit 
40 and the piezoelectric vibrator 23 arc each constituted 
ol a plurality of olcrrmnls coirosponding to the respoo- 
trvo nozzles ot Iho recording hoad 42. when tho bit data 
applied to each switching clomcnt of the switch circuit 
48 in tho foi m or an analog switch is 1 1 J, (ho driving signal 
(COM) is applied to each piezoelectric vibrator, which in 
displaced according to tho driving wavolorm ol tho driv- 
ing signal (COM). When Iho bit data applied to each 
switching oloment 13 {0|, the driving 3 ignal (COM) to 
each piezoelectric vibrator is cut off and each piozoo- 
loclric vibrator horde the charge immediately before. 

In tho ink-jel printer to which the driving wavoform 
generating device in this modo tor carrying out tho in- 
vention is appliod. when lira print data dovolopod in the 
dot patiorn cimb applied to tho switch circuit 48 is 1 1 J. tor 
example, tho driving signal (COM) formed with the de- 
sired driving waveform 0" is applied to Iho piOZoOtoclrlc 
vibrator 23 as previously noted, «nd iho piorooloctric vi- 
bialor 23 expands and contracts according to the driving 
signal, thus causing Iho ink drop to bo discharged Irom 
the nozzle involved according to the driving wavoform 
C, so that a dot having a gradation value corresponding 
to the driving wavolorm o' is formed. When tho print data 
applind io Iho switch circuit 43 is |0J. tho supply of Iho 
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driving signal (COM) to thu pie<toelecliic vibrator 23 is 
cut oft. The printing operation is thon portormod accord- 
ing to the. dot patforn data, wnd ink drops different in 
weight can bo discharged from the same nozzle, where- 
* by a multi -gradation imago of good quality can bo print- 
ed by variably adjusting tho recording dot ammeter on 
priming paper. 

A description will subsocjuontly bo given of a driving 
wavoform gonorating device in a second modo for car- 
10 rying out Iho invention. 

Although tho driving waveform generating dovice in 
tho second mode for carrying out the invention is sub- 
stantially similar in construction to tho driving wavoform 
gsn»r«|Jng dovlco in tho first modo tor carrying out the 
'S invontion, tho former is not oquipped with tho waveform 
data conversion unit 3C but characterised in thai data 
at the plurality of boot point3 in iho plurality of driving 
waveforms a - f aro rctainod in tho wavolorm data stor- 
age unit 1 as data on rolativo coordinate valuer, from tho 
?o beginning. 

More specifically, in Iho case ot tho driving wave- 
form generating device in this modo for carrying out tho 
invention, n printer designer writers coordinate values in 
a coordinate system wilh timo ton tho x-axis and voltage 
15 von Iho y-axis at tho plurality of bont points in tho plu- 
ratify of driving waveforms a - t after voltago and the like 
are obtained after giving consideration to mk. condition 
at a prodetcrminoc lomporaturo boforohand to prede- 
termined storage areas of tho waveform data storage 
Jo unit 1 (ROM 36) as in In o tir si mode for carrying out the 
invention; howevor, tho rolativo coordinates shown In 
Tig, 5(b) instead of tho absoluto coordinates shown in 
Fig. 5(a) aro retained. 

In this modo for carrying ou! Iho invention, tho clock 
as signal ol 20 MHz output from the oscillation circuit 39 is 
directly used as a icier coco clock signal lor ihe D/A con- 
verter 7 A and consnquently the space between tho load- 
ing edges of Iho clock signal amounts to GO ns. The rel- 
alivo coordinates are such thai, as shown in Fig. 5(b), 
•» ,N2 ... 2 in ihe initial leading Bdgo portion of tho afnrooaid 
driving waveform o and when ...V is added N2 timos, tho 
noxt bont point (N3, _.V) can obviously be reached. 
Thus, the process of interpolating waveform data can 
be performed satisfactorily ovon in as a short lime as 50 
no because the wavuform dala storage unit 1 (BOM 36) 
holds data on _V beforehand in this mode lor carrying 
out tho invention. 

Unlike ihe firsl modo for carrying out the invontion, 
moreover, tho pror.o.ss of converting the absoluto coor- 
so dinato valuos of the wavofomn data to the relative coor- 
dinate values thereof by means of tho CPU 37 can bo 
dispensed wilh Therefore, jn tn [ S modo for carrying out 
(he invention, tho driving waveform is lormed after giving 
duo consideration to tho aforesaid environmental tem- 
peralure by making the waveform data interpolation unit 
5 interpolate the point-to-point valuos wilh I espocl to tho 
data on iho relative coordinate values at tho plurality of 
point m ihe driving waveform corrected by Iho tomper- 
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aiuie compensation unit 38. 

In iho first and socond modes lor carrying out tho 
invention, though the driving waveform has been gen- 
erated by assuming the ink condition during tho printing 
Operation on tho boGics Of tho environmental temperature 
end correcting Iho coordinate data by meansof tho lem- 
pemlure compensation unit 3B. onviionmorilal condi- 
tion to bo taken into consideration is not limlujd to tho 
tompoiature but may include tho assumed Ink condition 
at tho limool printing braced on Iho onvironmonial lom- 



In tho lirsl and second modes lor carrying out tho 
invention, further, tho group of coordinate data (coordi- 
nate date on Iho bent points In the driving waveforms a 
- f) aro propaioci (a - 1), (hough any one in (Tie group ol 
Coordinate data (eg. coordinate data on thobonl points 
in ihn driving waveform o is solocttvoly road out so A3 
to goncralo the driving wavel arm a' corresponding to tho 
gradation data, tho following third and fourth (nodes for 
carrying out the invention are also possible. 

In tho third modo for carrying out tho invention first. 
Ihoro may bo considered tho stope of croating one driv- 
ing waveform by reading a group of coordinate dala, «nd 
fiOlaclivoly utilising partsof the driving waveform in ordor 
to drivo tho recording hoad according to gradation data. 

A description will suhsequenily be given by using 
tho driving waveforms a - 1 in Fig. 1 . Ono driving wave- 
form containing pulses ol a plurality of irapozoidal 
wavofi prepared by sequentially synthesizing, lor ox- 
ample, driving waveforms a, h and c in ihis order after 

reading a group of coordinate data~Whon a gradation 
value is 0, (000) is set and any one of the Irapozoidal 
wave pulsus h. h and c is not soloctod. When the gi«- 
dallon valuo io 1. (lOO) is sot and only the trapezoidal 
wavo pulse a is selectively driven. When tho gradation 
ViiluH is 2 similarly, (010) is sol and only tho Irapozoidal 
wave pulao b is rsfllooilvoty driven., whon the gradaiion 
value is G, (011) is set and only the trapezoidal pulses 
b and c aro selectively driven and so lorth. 

In the rourfh mode for carrying out iho invention, 
thoro may bo considered the steps of selectively reading 
part ol tho group ol coordinate data in ordor to properly 
create a driving waveform corresponding to gradation 
data, and driving Iho recording head by utilizing the driv- 
ing waveform. 

More specifically, this is n case where a coordinate 
data is soloctively road from one wavoform prepared ac- 
cording to Iho gradation valuo in order to croalo various 
wavetormos by using the driving wavolorms a - 1 ol Fig. 
1 . Even in this case by rofarence to Ihe driving wavo- i 
forms a - f of Fig. t , pan (coordinate data (SO. YO • (X5. 
YS) up to eO - e5J of lha group of coordinate data |coor- 
dinaledata (XO, YO) - (X9, Y9) up lo cO - c9| of the driving 
waveform o to selectively road to croato a driving wavo 
lorm corresponding to tho gradation v^lue 1 m ordor to -' 
drivo Iho recording head by utilizing the driving wavo- 
lorm. 

As is obvious from the third and fourth modes tor 



carrying out Urn invention, the vaiious ways ol creating 
the driving wavororm aro considorod and conooquontty 
a programmable driving waveform may bo obtained by 
tho uso of group of coordinate data lot generating driv- 
ing wavolorms rotalnod boforohand. 

Further, a Itlth mode lor carrying out tho invention 
as shown in Fig. 12 is poesiblo. 

Contrary to tho first to tourth modos for carrying out 
the invention in which Ihe? coordinate data aro retained 
' in iho wavolorm data storage unit 1 in (he way Iho dritu 
is interpolated to goneralo O glvon waveform, data on 
parts of iho driving wavolorm. Pi - P9. lor example, aro 
rolatnod in Ihe wavalorm dala atorago unit 1 as shown 
in Fig. 12 In the fifth modo for carrying out tho Invention 
Tho CPU then properly selects one ol them according 
lo Ihe gradation valuo and combines them into a driving 
wavolorm (part retaining system). Even in ihls modo for 
carrying out tho invontion, it is possible lo generate the 
dosirod programmable driving waveform by changing 
data on part ol tho waveform retained or changing tho 
way of selecting or combining Ihe parls. Moroovor tho 
interpolating process can bo dispensed with In thte 
modo for carrying out the invention. 

Although a description has been givon of various 
modes for carrying out the lnvonllon : Iho Invoniion is not 
limited to theso modos ihorefor but may noodloaa 10 say 
be applicablo to any other mode loi canying out the in- 
vention in which, tor oxamplo, a driving waveform gen- 
erating device is provided with no lemporaturo compen- 
sation unii 3B and iho liko without departing the scope 
and spirit ol Iho Invontion 

Moreover, a driving waveform lo be generated ta not 
limited to ti trapezoidal wave or what is linear but may 
ba considered Ihoso having ourvod configurations by in 
tnrpolating a group of rolainod coordinate data with 
curved linos o t wbjecti'ig Ihorri lo spline interpolation. 

As set forth above, in the driving waveform gnnor- 
aring device and motiiod according to Iho prosont invon- 
iion, tho group ol coordinate data for generating driving 
wavolorms or ihe group ol data on pan of iho waveforms 
aro retained boforohand and the group ol dala are road. 
Further, by interpolating ihe point-to-point value or prop- 
erly combining the dala on parts of tho driving waveform 
to produce tho driving wavelorm. Iho signal having this 
driving waveform is subjected to Iho D/A convorsion. 
nmplilind colore boing out. so lhat tho desired program- 
mable driving waveform is obtainable through tho sim- 
ple procedure for retaining Ihe group of data for gener- 
ating tho driving waveform lor use m Ihe printer involved. 

Moreover, many gradation expressions aro made 
possible by changing an algorithm ror interpolating co- 
ordinate dala to be retained and the point-io -poinj vfiiuo 
or otherwise an algorithm lor selecting and combining 
partial data lo bo rotainod 
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. A driving wavotorm generating dovico tor «n ink-jot 
rocaiding head, the driving waveform generating 
dovico generating at loasi ono presumed driving 5 
waveform in order to drivo the recording bond ac- 
cording lo gradation daw by ulili/ing tho driving 
waveform, tho driving waveform generating dovico 
composing: 

10 

wnvetorm data storage moans having a group 
of wavotorm data lor generating the driving 
wavoform, 

wavefnrm data road moans tor selecting at 
least ono utilizing wavclorm data from the is 
group of wavoform dala and reading tho soloct- 
ed wnvolorm dnia; 

wnvolorm data generating means for perform- 
ing the requirod arithmetic process on tho 
waveform datn read hy tho wavolorm data read so 
moans in ordor lo croato driving wavelorms: 
digital/analog conversion moans for subjecting 
daw on thH driving wavoform created by the 
wavoform data ganoraling means to digrtal/an- 
alog conversion In order lo output an analog is 
signal: and 

signal amplification moans lot amplifying tho 
analog signal which has boon output from tho 
digital/analog conversion moans. 

A driving wavoform generating dovico for an ink-jot 
recording head. Iha driving wnvolorm generating 
device gonorating at loast wo presumed driving 
wavoform in order to drive the recording head ac 
cording to gradation data by utilizing the driving as 
waveform, the driving wavrjfurrn generating device 
comprising: 

wavefoirn data storage mantis having a group 
of coordinate dam lor generating the driving -w 
wavotorm; 

waverorm data road moane for selecting at 
loast one uiiS/ing waveform dam from tho 
waveforms and reading tho group ol coordinate 
dala lor tho driving waveform; ■» 
waveform dala Inlerpolnlion means for creating 
the driving wavoform by interpolating point-to- 
poinl valuos into tho group ol coordinate dala 
read by the wavoform daw road means: 
digital/analog conversion means for subjecting SO 
dala cm tho driving wavclorm croatod by Itio 
wavoform data interpolation mf-ans to digital/ 
analog conversion in order to output an analog 
signal, and 

signal ompliticaiion means lor amplifying tho ss 
analog signal which has been output from the 
' g conversion moans. 



3. A driving waveform generating device for an ink-jot 
recording head as claimed in claim 2, Whoroin a plu- 
rality of groups or coordinate data aro prepared, any 
ono ol the groups of coordinate dala aro road, and 
a proper driving wavoform corresponding to ttio gra- 
dation data Is created so as to drive the recording 
head by utilizing Iho driving waveform. 

4. A driving wavotorm gonorating device tor an ink-jet 
recording head as claimed in claim 2. whoroin one 
driving wavoform is created by roadlng out tho 
group of coordinate data; and parl3 of tho drivmg 
waveform are satectively utilized so as drivo the re- 
cording head according to tho gradation data. 

5. A diivmg wavoform generating device for an ink-jot 
recording head a.-, claimed in claim 2. whoroin the 
driving waveform corresponding lo the gradation 
data is croatod properly by eeloctivoly reading parte 
of tho group ot coordinnio data so as to drive the 
recording hoad by utilizing tho driving waveform. 

6. A driving waveform generating device fo/ an ink-jet 
recording head as claimed in claim 2. whoroin a 
trapezoidal wavo is contained in a driving wavoform 
to bo croatod in the case of a gradation lot forming 
dots by utilizing tho driving waveform. 

7. A driving wavolorm gonorating dovico lor an ink-|et 
recording head as claimod in claim 2, wherein a 
driving waveform lo bo gonorntod is linear In tho 
case of a gradation without terming dots by utilizing 
tho driving waveform. 

8. A driving wavotorm gonorating dovico for an ink-jel 
recording head as claimed in claim 2, further com- 
prising: 

compensation moans lor corroding tho coor- 
dinate data in consideration of ink condition during 
a priming operaHon 

9. A driving waveform gonorating dovico lor an ink-jet 
recording hoad as claimed in claim B, whoroin tho 
ink condition is taken imo consideration during tho 
priming operation based on at least environmental 
tornperalures. 

10. A driving wavolorm generating device for an ink-jot 
recording head as claimod n claim 8, whoroin the 
ink condition is wken into consideration during the 
printing oporation based on at loast environmental 
humidity. 

11- A driving wavoform gonoraling devico for an ink-jet 
recording head as claimed in one of claims i • 5, 
wherein Iho signal amplification means includes an 
amplifier circuit including a pair of transistors whoso 
mutual emitiers are connoctod together, and fixed 
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resistors for always applying a piwiatetmined volt- 
age botwoon Iho baso ernHlor to mako tho pair of 
transistors operate in an active) nroa; and a negative 
iBsislor olomont having the sarno resistance value 
as that of Iho fixed resistor ia connected In parallol s 
to hy-paso the fixed resistor al a reference temper- 
ature bolero Iho pair of transistoro soil -generate 
heal eo ao to docroaao the vortngo botwoon tho 
baso omitter when the voltage b&twocn tho base 
emitter rises because ol tho sol'-goneiHtiori ol hoat >o 
on tho part of the pair of transistors. 

12. A driving waveform gonorating device lor an ink-jot 
recording head ars claimed in claim) 1 1 . wherein tho 
negative resistor element is a thermistor, rs 

13. A driving waveform generating device for on ink-jot 
recording hoad. tho driving wavoform generating 
device comprising: 

20 

waveform generating means (or generating a 
prodotorminod driving wavolorm for driving a 
recording head; and 

wavoform amplifying moans for amplifying the 
driving waveform generated by tho waveform J» 
gonorating means and applying the driving 
waveloim thus generated thoroby to the re- 
cording hoad.oaid ampfilieotion means includ- 
ing- 

an flrnplilior circuit including a pair of transistors w 
whoso mutual omitior3 afo comtccicd togothor; 
fixed resistors for always applying a predeter- 
mined vollago botwoon tho base cmittor to 
mako Tho pair ol ttanoislore opcroto in an ficlivo 
area: and as 
a nogalrve resistor olomcnt having the same ib- 
oistanco value a» (hat ol tho fixod resistor in 
connected in parallol to by-pass tho frxod rosis- 
lor al a roforenco lomporaiuro bofore the pair 
of t/onftifitorg solf-gonorolo howl so as to do- 40 
crease tho voltage belweon tho baso emitter 
when tho vollago botwoon Iho baao omitlor ris- 
os because of ihe self -generation of heat on the 
part of tho pair of transistors. 

14. A driving wavoform generating method tor an Ink- 
jot recording hoad, the driving waveform gonorating 
rnelliod for gonorating at loael ono presumed driv- 
ing waveform in order to drive the recording hond 
according to gradation dala by utilizincj iho driving So 
waveform, comprising tho GtopE of: 

retaining a group of coordinate data for gonor- 
ating tho driving wavoform in waveform data 
storage maans bolorohand; SS 
solocting ono ulfeig driving waveform from 
tho driving wavoforms and reading tho group of 
coordinate daia for iho driving waveform from 
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Iho waveform data storage moans through 
waveform data road moano: 
creating tho driving waveform by interpolating 
point-to-point values into the group ol coordi- 
nate dala road by tho waveform data road 
mean? using Iho wavoform data interpolation 
moans: 

subjecting iho data on tho driving wavoform 
created by the waveform dala interpolation 
moans to digital/analog convoision using digil- 
ofanalog conversion moans in order to output 
an analog signal; and 

ampfilying the analog signal output from the 
digital/analog conversion means using signui 
amplification means. 

15. A driving wavalorm generating method for an ink- 
jet recording hoad as claimed in claim 14, lurthcr 
comprising: 

correcting tho driving waveform road by the 
wavoform dala road means in consideration ol ink 
condition during a printing operation basod on at 
Iea31 environmanlal tempora1uros 

16. A driving wavoloim generating method for an Ink- 
jet recording head an Claimed in claim is.whoroin 
tho stops of correcting tho driving wavoform based 
on Iho environmental temperature includo tho fol- 
lowing sleps: 

dotccting the present temperature using a torn- 
poraturo detection unit; 

calculating iho difforonce between a predeter- 
mined temperature und tho prosont tempera- 
ture basod on the basic wavalorm of the prodo- 
torminod temperature; 

goneraling a waveform fit lor tho present tnm- 
perature basod on the dfforonco thorcbo- 
iwooo; and 

outputting the wavolorm thus generated, these 
steps being repeated whonovor the printing Ol 
ono pago is torrnjnatud. 

17. A driving waveform gonorating device for an ink-jet 
recording hoad. iho driving wavoform gonorating 
device generating at least ono presumed driving 
wavolorm in ordor to drive Ihe recording head ac- 
cording lo gradation data by utilizing ihe driving 
wavolorm. Iho driving wavelorm generating dovico 
comprising: 

wavoform data storage moans having a group 
of data on partial waveforms lor gonorating the 
driving waveform; 

wavoform dala generating moans for selecting 
apiuittlity of partial waveforms lo bo utilized out 
ol tho group ot data on tho partial waveforms in 
ordoi lo creato tho driving waveform by com- 
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billing tho plurality of partial waveloims; and 
digital/analog conversion moans lor subjecting 
data on tho driving wavctorm created by tho 
waveform data gonoratuxj means to digital/an- 
alog convorsion in order to output on analog c 
signal; and signal amplification moans lor am- 
plifying tho analog signal which has been out- 
put from tho digiiaUanalog convoroion moans. 

to 
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(54) Driving waveform generating device and method for inkjat recording head 

(57) A driving waveform generating device and 
method compnsea the steps of retaining data on abso- 
lute coordinate values in a waveform data storage unit 
1 at) data at a plurality of points in a plurality of driving 
waveforms a - f at a predetermined temperature, read- 
ing the data on the plurality of point in a desired driving 
waveform q from a waveform data read unit 3A on the 
basis of gradation data, correcting the difference be- 
tween Ihe environmental temperature during the print- 



ing operation and the aforesaid predetermined temper- 
ature in a temperature compensation unit 3B, converting 
data on Ihe corrected absolute coordinate value to data 
on the relative coordinate value in a waveform data con- 
version unit 3C, interpolating the poinl-to-point value by 
means of a waveform data interpolation unit 5. subject- 
ing the interpolated the data on the driving waveform to 
analog conversion by means of a D/A conversion unit 
7. amplifying the analog signal in a signal amplifier unit 
9, and outputting the amplified signal. 
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compensating the influence of the self -generated heat of the 
transistors. 
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